Intraflagellar transport (IFT) [1, 2] is a motility in
munofluorescent staining shows that a small fraction of IFT52 is present in the flagellum where it appears as punctate fluorescence along the entire length ( Figure 1a ).
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However, the majority of IFT52 detected surrounds the basal bodies (Figure 1b label; the cytoplasm in this area is part of the "zone of
The machinery for such screening is likely to be located at the boundary between the cell body and the flagella, organellar exclusion," which contains no cytoplasmic organelles or ribosomes. The immunofluorescence localizai.e., precisely where the IFT particles accumulate and dock on the transitional fibers. tion of IFT52 near the basal bodies in interphase cells is similar to that observed for FLA10 ( [13] ; Figure 1d ,e), cytoplasmic dynein DHC1b [7] , and other IFT particle IFT is required for the movement of some flagellar precursors into the flagellum [25] for flagellar growth, as subunits [3, 14] .
well as for maintenance due to the continual turnover of flagellar components [26, 27, 35] . The fact that these By using immunoelectron microscopy, some labeling of IFT52 was detected near IFT rafts located between the potential carriers of flagellar proteins accumulate at the transitional fibers, along with observations that some axoouter doublets and membrane of the flagellum ( Figure  2d) ; however, more prominent gold labeling was seen nemal precursors also accumulate in a similar location surrounding the basal bodies [25, 28] , suggest that these around the basal bodies. Interestingly, IFT52 gold labeling was seen in sections showing the transitional fibers fibers are active in the docking of IFT particles, their associated motor proteins, and cargoes bound for the fla-( Figure 2 ) and was concentrated in clusters where these fibers meet the plasma membrane (Figure 2b,c) . Transigellar compartment, and the fibers may be involved in the gating of these materials into the flagellum. This tional fibers are structures that extend from the distal end of each triplet microtubule of the basal body to the cell region surrounding the transitional fibers forming the entrance to the flagella, therefore, may be the functional membrane, and they demarcate the flagellar compartment from the cell body cytoplasm [15] [16] [17] [18] . These fibers have equivalent to the nuclear pore complex and may contain polypeptides involved in sorting and admitting proteins been described on basal bodies of vertebrates, mollusks, and protozoa (see [16] ), and broad structural and mechaniinto the flagellar compartment. cal roles have been suggested for them [16, 17] .
Lack of IFT52 in bld1 mutants
Because a mutation that disrupts expression of another Cilia and flagella form cytoplasmic compartments separate from the rest of the cell body. The distinct protein compo-IFT particle protein, IFT88, results in cells that cannot assemble flagella [9] , the localization of IFT52 was examsition of the flagellar membrane and axoneme implies that protein sorting occurs to control which proteins enter ined in several flagellaless mutants (bld1-7). A normal distribution of IFT 52 was found in bld3, 4, 5, 6 , and 7 the flagellum. As is true for other organelles, there is now evidence for peptide sequences that target proteins to (data not shown), but IFT52 fluorescence could not be observed in bld1 (Figure 3a ), nor could IFT52 be detected the flagellar membrane [23] or to an accessory flagellar structure called the paraflagellar rod in trypanosomes [24] .
on immunoblots of bld1 cells (Figure 3e ). On the other hand, FLA10-kinesin was located in the usual horseshoeTogether these observations indicate that there is a mechanism to sort or screen proteins entering the flagellum.
shaped pattern around the basal bodies in bld1 cells (Fig- ure 3b). In bld2 cells, which lack normal basal bodies to
Localization of IFT polypeptides during mitosis
IFT52 remains associated with the basal bodies throughvarying degrees [29] , IFT52 was localized at the apical end of the cell but, as previously seen with FLA10 [3] , in out the cell cycle and is observed at the spindle poles during mitosis (Figure 1a , inset). However, IFT52 probaa more diffuse fashion than the horseshoe-shaped pattern present in wild-type or other bld cells with normal basal bly does not participate in mitosis because bld1 cells lack detectable IFT52 (Figure 3a ,e) and yet undergo apparbodies (Figure 3c,d ). In the accompanying paper [19] , bld1 is shown to have a deletion in the gene encoding ently normal mitosis. Similarly, mutants in several other IFT polypeptides have been reported for Chlamydomonas IFT52, thereby explaining the lack of this protein in bld1 cells and verifying that IFT52 is essential for flagellar (e.g., ift88 [9] ) and C. elegans (e.g., osm-6 [21] and osm-5 [30] ) and yet no mitotic defects have been observed in assembly. intensely for IFT52 (Figure 4a,b) . IFT52 fluorescence, however, becomes more diffuse as the flagella continue to lengthen (Figure 4d ) until, in the full-length flagella, IFT52 fluorescence is comparatively weak. Quantification has shown that total IFT52 fluorescence remains constant in regenerating flagella (35). The pool of IFT52 at the basal bodies is not noticeably depleted during regeneration (Figure 4c ). During flagellar growth the flagella initially elongate rapidly, but as the flagella lengthen, the rate of growth decreases. The dilution of IFT particles as flagella elongate may be in part responsible for the decrease in the flagellar growth rate that occurs as the flagella lengthen (35).
Conclusions
IFT52 is likely to be a universal component of the IFT process required for the formation and maintenance of eukaryotic cilia and flagella. The localization of IFT52 at particularly in regard to flagellar assembly and length control.
Materials and methods
these organisms. It is, therefore, quite probable that poles simply because the basal bodies/centrioles retain was designed to part of a Chlamydomonas IFT52 peptide fragment their transitional fibers during mitosis [31, 32] .
AGTNINYFLEQFGMSVNNDAVVR [3] and used in conjunction with an oligo-dT primer to amplify cDNA representing the 3Ј end of an IFT52 transcript. A reverse primer (TCCGCGTCAATGTCGTTGAGTTGG) FLA10 also maintains its attachment to basal bodies when was designed to a region of the IFT52 3Ј cDNA sequence obtained they act as poles for the mitotic apparatus [13] , and it was and used in conjunction with a primer (CTAATGGCATGCAGTAAGGC) designed to match the 5Ј end of a Chlamydomonas EST clone (GenBank 
IFT52 during flagellar regeneration in Chlamydomonas Immunofluorescence
IFT is essential for the assembly and maintenance of
The primary antibodies used were rabbit polyclonal anti-IFT52 (generated flagella [2, 6-8, 30, 34 ] and yet initially, no changes were against amino acids 248-454 of Chlamydomonas IFT52 expressed in bacteria), a rabbit polyclonal anti-FLA10 [3] , a mouse monoclonal antiseen in IFT during flagellar growth [1] . However, the 
